A 12-year-old boy presented after a motorbike accident with mediastinal and cervical emphysema but no pneumothorax, minor head injury and several fractures including a comminuted open leg fracture. The child had no signs of respiratory compromise and was stable. The presumed tracheobronchial injury was managed conservatively. To avoid general anaesthesia and the risks associated with intubation and ventilation, urgent surgery for correction of his orthopaedic injuries was successfully conducted under spinal, epidural and intravenous regional anaesthesia. The surgical and anaesthetic management of tracheobronchial injury is complex and controversial.
In this case report we describe the anaesthetic management of a child with tracheobronchial injury and significant peripheral orthopaedic injuries. The anaesthetic management of patients with tracheobronchial injury is complex and hazardous. Intubation and ventilation can cause significant complications. The injury itself may require operative treatment, or be managed conservatively. If it is managed conservatively, anaesthesia to allow surgery for other injuries should ideally avoid intubation and ventilation. In a child requiring urgent surgery after trauma, this presents a number of anaesthetic dilemmas.
CASE hISTOrY
A 45-kg boy aged 12 years, was involved in an offroad motor bike accident. The child had a side impact with another rider while both were traveling at 30 to 40 km/h. he was wearing protective clothing and a protective helmet, which was minimally damaged. he arrived at hospital via helicopter ambulance within two hours of his injury. he had suffered loss of consciousness for a brief period following the accident and was confused during transport. his heart rate and blood pressure were stable and his haemoglobin oxygen saturation was 100% on supplemental oxygen. Intravenous (Iv) morphine 7 mg and 800 ml of crystalloid had been administered during transfer.
In the emergency department a number of injuries were apparent. he had subcutaneous emphysema in his neck and significant bruising on his anterior chest wall. On auscultation a systolic murmur was audible. he had a large open injury of the right knee with comminuted distal tibial and proximal femoral fractures. he also had fractures to his left radius and ulna and right middle and ring finger proximal phalanges. he was speaking and alert and moving all limbs, but confused, with a Glasgow Coma Score of 14.
A chest X-ray showed a pneumomediastinum with no pneumothorax. Lateral cervical spine films were normal to the body of C7. Chest computerized tomography (CT) showed extensive air within the mediastinum, tracking to the neck, and confirmed the absence of a pneumothorax. There were no rib fractures or evidence of mediastinal haematoma. CT of the brain demonstrated a small temporal lobe contusion.
In the emergency and radiology departments he remained haemodynamically stable. his haemoglobin soon after arrival at the hospital was 98 g/l. In the emergency department a femoral nerve block was performed using 75 mg of bupivacaine with adrenaline. A total of 4 mg of Iv morphine was also given. After consultation with a general surgeon, the decision was made to treat the pneumomediastinum conservatively. The open fracture of the right knee needed operative treatment with some urgency.
The anaesthetic was commenced two hours after his arrival at the hospital. Prior to theatre, 1,200 ml of crystalloid had been given. Supplemental oxygen at 3 l/min was continued via a hudson mask. A left radial arterial line and subclavian central venous catheter were placed. Spinal fractures were not suspected clinically, but had not been excluded, so the patient was log-rolled and his spine maintained in neutral position while a 19 gauge intrathecal catheter was placed at L3/4. A subarachnoid block was induced using 2 ml of 0.5% plain bupivacaine. There was an initial drop in systolic blood pressure from 90 to 60 mmhg, managed with an Iv fluid bolus and metaraminol 0.5 mg. Systolic blood pressure was maintained between 80 and 90 mmhg and heart rate 80 to 100 bpm for the remainder of the 1.5 hour debridement and placement of an external fixator. A total of 2,000 ml of Iv fluid was administered in theatre, including 500 ml of colloid and two units of packed red blood cells. The intrathecal catheter was removed at the conclusion of the case.
The following day the child had adequate oxygen saturation on minimal supplemental oxygen and had no respiratory distress. A chest X-ray showed persisting pneumomediastinum without pneumothorax and echocardiography demonstrated a structurally normal heart. Cardiothoracic surgical opinion was that conservative management of the tracheobronchial injury should be continued, avoiding positive pressure ventilation. The platelet count was slightly depressed (136X10 9 /l); the prothrombin time marginally elevated (17.8s) and the activated partial thromboplastin time was within normal limits. he returned to theatre for a further debridement, internal fixation and application of an Ilizarov frame to the knee, together with reduction and wire fixation of fractures to his right hand and fingers. An epidural catheter was placed at L2/3 and epidural anaesthesia established with a total of 0.5% bupivacaine 20 ml and fentanyl 100 mg. A further 8 ml of epidural bupivacaine 0.5% was required during the 4.5 hour case. Toward the end of the procedure, a lignocaine (12 ml of 1%) intravenous regional anaesthetic ('Bier's block') was used to provide anaesthesia for the wire fixation of his fingers. The child remained haemodynamically stable throughout this procedure and was given 1,500 ml of Iv crystalloid, three units of packed red blood cells and two units of fresh frozen plasma. A total of 6 mg of intravenous midazolam was administered for sedation. he received effective epidural analgesia for a further six days.
he returned to theatre for a further inspection and change of dressings of his knee nine days after admission. This procedure lasted one hour and he received an uncomplicated spontaneously breathing general anaesthetic using a size 3 laryngeal mask airway. Induction was with propofol and morphine, and volatile anaesthetic in air and oxygen, avoiding nitrous oxide, was used for maintenance.
The tracheobronchial injury required no acute operative treatment. Six days after admission a chest X-ray showed right upper lobe collapse, suggesting a right-sided bronchial injury. The upper lobe collapse was managed conservatively. Bronchoscopy was not performed and the child did not require positive pressure ventilation at any stage. There was no respiratory distress at any time during admission and the child made a slow but complete recovery.
DISCUSSIOn
Anaesthetic and surgical management of tracheobronchial injures is well described in the adult literature, but the paediatric literature is more limited. In this discussion, general principles and data from the adult literature are presented with commentary on differences from the paediatric population.
Tracheobronchial injuries: general management principles
More than 80% of tracheobronchial injuries in blunt trauma are within 2.5 cm of the carina 1 . Eighty per cent of injuries involve main bronchi, 15% involve the trachea and 5% involve distal bronchi 2 . If main bronchi are involved the right is more often affected than the left 3 . Clinical information that should raise suspicion of tracheobronchial injury includes tension pneumothorax; a large air-leak and failure of the lung or a segment of the lung to expand after placement of a thoracostomy tube, pneumomediastinum, subcutaneous emphysema; and haemoptysis 2 .
Tracheobronchial injuries tend to present in one of two ways. If the lesion communicates with the pleura, the patient will present with a large persisting pneumothorax. If the lesion is limited to the mediastinum, then pneumomediastinum and subcutaneous emphysema will be the main features 4 . Patients in whom the diagnosis is missed often present later with complications secondary to bronchial stenosis such as atelectasis, collapse and infection 2 .
Suspicion of tracheobronchial injury is an indication for fibreoptic or rigid bronchoscopy 1 . Bronchoscopy is the most reliable way of confirming the diagnosis, location and severity of a tracheobronchial injury 2 . however, the proceduralist should be experienced as the diagnosis can be missed 5 . Changes consistent with tracheobronchial injury are an abrupt ending of mucosa, or heaped-up mucosa or curled fragments of cartilage in the lumen 6 . Blood in the airway also suggests tracheobronchial injury but more significant bleeding can be a sign of lung parenchymal injury 6 . Collapsed bronchi should also raise suspicion of the diagnosis 7 . On flexible bronchoscopy a lesion may be hidden by the endotracheal tube 8 . Injuries to face and head and potential injuries to cervical spine may preclude the use of rigid bronchoscopy 9 .
The airway management of patients with tracheobronchial injury is hazardous. Bronchoscopy or attempts at intubation can lead to complete transection or obstruction of the airway 10 . The endotracheal tube may exit the trachea at the injury site 11 . Pneumothorax and bronchopleural fistula can worsen significantly with positive pressure ventilation 1, 12 . At commencement of positive pressure ventilation the surgical team should be ready to perform an immediate thoracotomy, to manually control the air leak with direct compression 12 . Until the tracheobronchial injury is isolated or repaired, consideration should be given to the use of spontaneous ventilation 1 .
If intubation is required it should be performed over a bronchoscope 1, 9 . For lesions above the carina an endotracheal tube is placed below the lesion to allow effective ventilation of both lungs 1, 10 . If a major bronchus is affected, then it is desirable to isolate the contralateral lung by endobronchial intubation of the unaffected bronchus with a cuffed tube, or if feasible, to use a double-lumen tube or a bronchial blocker 7, 10 . During surgical repair, sterile endotracheal tubes or jet ventilation catheters can be placed into main bronchi under direct vision 4, 13 . Although not recommended with a potentially unstable cervical spine, the rigid bronchoscope can be used to maintain the airway and to achieve selective bronchial ventilation in tracheobronchial injury 14 .
Cardiopulmonary bypass has been used in particularly complicated cases 3 . nitrous oxide should not be used as it may expand a pneumothorax or pneumomediastinum 9 .
There are good results after surgical repair of tracheobronchial injuries 3,7 but these injuries may sometimes be managed conservatively. There is some variation in the criteria for conservative management. A patient may be considered for conservative management if the injury is a longitudinal laceration or involves less than one third of the circumference of the trachea or bronchus, and the wound edges appear to be well opposed on bronchoscopy. Such patients also need to be stable and not requiring of prolonged mechanical ventilation 15 .
Tracheobronchial injuries in paediatric practice
In children, following blunt thoracic trauma, tracheobronchial injuries are seen in 3 to 6% of patients 16 . The mortality associated with this injury following blunt trauma is 30% 17 . It has been estimated that only a quarter of children with tracheobronchial injury following blunt trauma have rib fractures 18 , compared with 90% in adult patients 19 . This can lead clinicians to underestimate the severity of thoracic trauma 3 . Around 30 to 50% of the children with tracheobronchial injury have other serious injuries 15 .
Immediate bronchoscopy is generally considered to be mandatory if tracheobronchial injury is suspected 15 , but in stable patients where the injury is clinically obvious or seen on the chest X-ray and CT scan, it has been suggested that immediate bronchoscopy may not always be necessary 20 . Bronchoscopy is not without risk, particularly if it requires anaesthesia and possible manual ventilation 20 .
Flexible bronchoscopy can be performed in older children with topicalization awake or with sedation 21 .
In younger or less cooperative children a spontaneously breathing general anaesthetic is administered 21 . The bronchoscope can be introduced via an endotracheal tube, a laryngeal mask or through the nose via an ordinary anaesthetic facemask with a modified angle piece 21, 22 . Anaesthesia for rigid bronchoscopy in children is usually conducted using a deep, volatile, spontaneously breathing general anaesthetic technique 21 .
If the airway needs to be secured in the presence of a full stomach, and bronchoscopy under local anaesthesia is not possible, the risk of rapid sequence induction and intubation without prior bronchoscopy should be weighed against the risk of aspiration during bronchoscopy. Consideration could also be given to performing inhalational induction and intubation while spontaneous breathing is maintained in a lateral position, which is a well described technique for paediatric patients with a full stomach 23 .
Lung isolation for bronchial injuries can be achieved by different techniques for patients of different age. Deliberate endobronchial intubation is well described 24 , but care must be taken to choose a smaller tube than would be chosen for tracheal intubation in the same sized child 21 . If an uncuffed tube is used, complete lung isolation may be difficult 25 . Bronchial blockers including Fogarty catheters have been used in small children 22 . It is important to be aware that a bronchial blocker that dislodges into the trachea can completely occlude the airway 25 . The purpose designed univent tube includes a bronchial blocker and is able to be used in children as young as six years 25 . Double-lumen tubes can be used for children from the age of 8 to 10 years upwards, with size 26 French gauge the smallest tube available 25 . Cardiopulmonary bypass will not be feasible in many locations that manage paediatric trauma.
In our management of this patient, we chose to use regional anaesthesia to avoid the risks associated with intubation and positive pressure ventilation in the presence of a tracheobronchial injury. It could be argued that a fibreoptic bronchoscopy, to determine the extent of the injury, would have allowed a more informed choice regarding the potential risks of general or regional anaesthesia for the orthopaedic surgery. however, given the child's age and conscious state, this would have required general anaesthesia. With a presumed full stomach, intubation and ventilation was required, a scenario we wished to avoid.
Central and arterial lines were inserted to provide immediate monitoring, because this patient was likely to be hypovolaemic, such that the potential existed for significant haemodynamic instability as a result of his injuries and surgery. The subclavian route was chosen in preference to the jugular for central catheterization, because of its relative ease in a confused patient wearing a neck collar. Sedation was not used because of the risk of aspiration and to allow continuing assessment of the patient's head injury.
The preferred anaesthetic plan would have been to use an epidural rather than subarachnoid block. An epidural may have resulted in a more gradual onset of block, with less hypotension and less risk of dural puncture headache. however, it was unclear how long the initial surgery would take and we were concerned about local anaesthetic toxicity, given the recent use of bupivacaine for the femoral nerve block. Although epidural lignocaine with adrenaline could have been used, we chose a continuous subarachnoid block as an alternate means of gradually establishing, and then maintaining, regional anaesthesia.
Subarachnoid block in the presence of uncorrected hypovolaemia causes hypotension and is often avoided in trauma patients. however, it has been used very successfully in a war setting, following fluid resuscitation 26 .
Establishing a subarachnoid block in the presence of a tracheobronchial injury was not without significant risk. A high block may have required urgent intubation and ventilation, with all its inherent risks in this type of injury. In retrospect it would have been wiser to establish the subarachnoid block more slowly than was done.
This patient could have developed acute res-piratory distress syndrome or other postoperative complications requiring intubation and ventilation. There is a strong argument that, on the second or third day when the aspiration risk was lower, a semielective bronchoscopy, under general anaesthesia with spontaneous ventilation, should have been performed to more clearly define the injury. Defining the location and severity of the injury at that stage could have guided planning for operative management, if signs of progressive respiratory compromise had subsequently developed. This did not occur because of very rapid recovery and the lack of signs of respiratory compromise.
In summary, paediatric tracheobronchial injury is uncommon but presents a particular anaesthetic challenge. This child's tracheobronchial injury was successfully managed conservatively. The hazards of rapid sequence induction and positive pressure ventilation, when the site of the lesion was unknown, were avoided by use of several regional anaesthetic techniques.
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